The question of whether impact basins dating from the time of heavy bombardment of the inner solar system are preserved on the surface of Venus is of paramount importance for an understanding of the geological processes that have shaped that planet. Two types of features have been suggested as candidates for impact basins on Venus: (1) large, quasi-circular topographic depressions and (2) large, quasi-circular regions of low radar backscatter surrounded by terrain of greater radar backscatter and generally displaying little topographic relief. As a guide to the expected character of an impact basin on Venus, we have calculated the viscous relaxation with time of the topographic relief of such a basin, under the assumption that the surface temperature of the planet has been at or near its presently high value since the time of basin formation. The viscous relaxation model includes the effects of a decrease in effective viscosity with depth and the partial to complete isostatic compensation of initial topography. We conclude that an impact basin several hundred kilometers or greater in diameter and 3 b.y. old or greater in age should have negligible topographic relief at present. This conclusion does not exclude the hypothesis that quasi-circular features of low radar backscatter but little topographic relief may be relaxed remnants of ancient impact basins. Large quasi-circular depressions on Venus, such as Atalanta Planitia, however, cannot exceed a few hundred million years in age; otherwise their initial topographic relief would be excessive. Such large depressions are thus likely to be geologically young and to have resulted from processes other than impact. An additional process must therefore have operated on Venus to create large, roughly circular areas of lowland terrain. One possibility is that these topographic features are analogs on Venus to terrestrial platform basins produced by lithospheric extension and thermal subsidence.
INTRODUCTION
Many of the geological characteristics of the surface of Venus, because of the dense atmosphere and global cloud cover on that planet, are more poorly known than for any of the other terrestrial planets. From recent low-resolution global altimetry Masursky et al., 1980] and earth-based radar images [Rumsey et al., 1974; Goldstein et al., 1976 Goldstein et al., , 1978 Campbell et al., 1976 Campbell et al., , 1979 Campbell and Burns, 1980] , there can be discerned numerous landforms and surface features, many of which may be similar to features on the earth or other planets [e.g., Malin, 1976, 1977 An important issue for the proper identification of impact basins on Venus is the expected character of such features on the present Venus surface. A major long-term modification process for impact basins on the terrestrial planets is viscous relaxation of topographic relief . Because of the high surface temperature of Venus [e.g., Sieff et al., 1980] , viscous processes at shallow depths in the planet should operate at rates greatly in excess of those for the other terrestrial planets [Mueller, 1969; Weertman, 1970 Weertman, , 1979 . In this paper we evaluate quantita- We begin below with a brief summary of the evidence cited in the literature for craters and basins of possible impact origin on the Venus surface. We then outline a simple analytical model of viscous relaxation that includes the important effects of a decrease in viscosity with depth and partial to complete isostatic compensation of initial topographic relief. Applying the model to Venus under a set of conservative assumptions, we show that ancient basins on Venus should currently have negligible topographic relief if presently high surface temperatures date from the time of basin formation. This result implies that large, quasi-circular, topographic depressions on Venus are much younger than 3.8 b.y. in age and must presumably be of tectonic rather than impact origin. As an aid in the identification of impact basins on Venus, we evaluate in the following sections the effect of viscous relaxation on the topographic relief expected for such features. This analysis is relevant to the characteristics of any Venus basins as revealed by topography, but not to the possible signature of impact basins as revealed by surface roughness at radar wavelengths.
VISCOUS RELAXATION MODEL
For the large horizontal scales of impact basins, it is important to include two phenomena that affect the viscous relaxation process: (1) the pronounced decrease in viscosity with temperature and therefore with depth and (2) the partial to complete isostatic compensation of initial topographic relief. Both of these phenomena are included in an analytical treatment of the relaxation of topography on a viscous layer over an inviscid halfspace of greater density, recently applied to the topographic profiles of pre-Nectarian impact basins on the moon . There is one principal assumption we make in order to answer these questions: We assume that the surface temperature of Venus has been at or near its present value for most of the time since the formation of the topographic feature to be modeled. For the case of ancient impact basins, this assumption requires that the present atmospheric 'greenhouse' has been operative for most of the period since the end of heavy bombardment of the inner solar system. We note that while there are models for the evolution of the Venus atmosphere in which the earliest surface temperature of Venus was substantially less than its present value [e.g., Pollack, 1971 Pollack, , 1979 , the time at which surface temperatures near present values were first reached is unconstrained. Thus our assumption that this time may have been as early as 3.8 b.y. ago cannot be tested with information currently available. High-resolution radar images of the distribution of impact craters on the Venus surface may, in the future, help to constrain the history of the Venus atmosphere [Kahn, 1982] . 
